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Infrared 3pectra and dolecular Constants
of Isotopic Nitrous Oxides

Josef Pliva
’ Czechoslovak Academy of Science
Prague, Czechoslovakia

; The hizh resolution infrared spectrum of ordinary nitrous oxide,
) 14N2160, has recently been the subject of extensive investigations, in

: particular at the National Bureau of Standards (1) and at the Pennsylvania
State University (2,3). The vibrational and rotational constants of the

; 1dy 164 molecule are fairly well knovn from the former investigation (1),

altlzwugh some of e accurately measured higher levels (2) are not in very
good sgreement with values calculated from these molecular conatants.

In order to establish the potential functiom and the structure of
the nitrous oxide molecule, accurate vibrational and rotational constants
of isotopically substituted nitrous oxides are required. However, the rot-
ation-vibration spectra of the isotopic molecules have been studied much
less extensively. The fundamentals and some overtones of 15!1]4}!160, 151!2160,
and14N]5N150 have recently been measured under low resolution by Begun and
Fletcher (4); these authors estimated the anharmonic constants of these

molecules from the 14N2160 vibrational constants (in which Fermi resonance
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had been neglected) using spproximate isotopic relations and obtained an
approximate potential (quadratic)for nitrous oxide. A high resolution study
of some overtone bands of By U510 was made by Douglas and Mgller (5) who

were able to obtain equilibrium moments of inertia for this species and for
the ordinary molecule and calculated the internuclear distances.

The present study was undertaken in the hope of locating some of the
vibration-rotation levels of two isotopic nitrous oxides, ISNMNIGO and
158,35, with high precision, which, together with known vibrational and
rotationsl constants of the ordinary molecule, would make possible a comp—
lete determination of the potential function involving the quadratis, cubic,
and quartic terms. This was of particular interest in connestion with our
previous studies of the anharmonic terms of potential functions (6).

Experimental

The IENMNISO and 15N2160 gases used in this work were stated to be

of 97% and 99% isotopic purity respectively.
) The spectra were recorded with a grating infrared Spectrometer at
i the Division of Pure Physics, National Research Council, Ottawa, Canada,

i
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which has been described by Douglas and Sharma (7). Great care was given to
the wavenumber measurement: with the present instrument, the most reliable
procedure was found in the use of accurately kmown CO, HCN, and HC1l lines
(2,8) as standards with which one can calibrate the absolute scale of the
Febry-Perot fringe system (7) used for interpolation between standard lines.
It is belioved that the obsolute positions of unblended lines measured in

this way can be dotermined to within 0.02 cm.l.

Results and Discussion.

Eleven bands of each isotopic molecule were measured in the region
2100-4450 cm™) L4y 16
comparison. Such a comparison was thought necessary in order to secure the

together with the correaponding 0 bands remeasured for

same absolute scale for all species; this is important since the isotopic
shifts rather than the absolute values are most critiocal in potential cons-

tant and structure caleculations. The band centres, rotational constants,
and centrifugal distortion constents obtained from an analysis of these
bands are listed in Table I. The analysis was carried out using the micro-
: wave grourd state rotational constants (9,10): for 14! 160 B° 0.419011,
| D_ 179x10 Pont; tor P8%u%0, B 0.404856, D 165x10 29ou ; for n,10,
B 0.404859, D_ 166x10 “9en~l (the distortion constants for the 1sotopic
moleculea were oatimaxed from isotopic relations).

For two of the hot bands the upper levels were also observed in
ground state bands (of.Table I); with the aid of the Ritz combination prin-
ciple constants of the bending fundamental, Va , were calculated.

From the rotational constants given here improved values of the
equilibrium internuclear distances were obtained. Using the constants aof
the 001 level and of the sum of the Fermi resonance dlad 101 and 02°1 for
obtaining the correction for rotation-vibration interaction, the equilibriunm
rotational constants, moments of inertia and internuclear distances given
in Table II were calculated.

The number of vibrational levels measured in this investigation is
ot sufficient for a complete independent determination of all vibrational
conatants of the individual isotopic species. However, from the vibrational

§ constants of 14N2160 published recently by Tidwell, Plyler, and Benedtot(1),
it is possible to estimate the values of some of the missing constants with
the aid of isotopic relations. A set of anharmonic constants and zero-order
frequencies thus obtained is listed in Table III together with a set of
quadratic potential constants obtained by a least squares procedure fram

. Bt 2
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Table I
Obgerved B0 Bands®
&y 755 154 14,16, 15,,2160
Band
v, B-B” D-Df v, B-B” DD v B~E" Dy
v, 2223,754 -3447 O || 2201.605 =3360 O | 2154.731 <3245 O
v;»fv} Z198.288 -3237 O || 2772.709 -3141 O | 2713.144 -3066 O
Q -2464 O Q  -2417 © QR -217 ©
zv§+v3 3363.978 2478 +60|| 3333.731 -2437 +56 | 3264,702 -2289 +69
v+ 3480.856 5240 ~ 6|| 3443.659 4980 - 5 | 3394.185 -4970 - 3
2y, 4417.383 -6926 O || 4373.613 -6740 O | 4281.343 -6505 O
v§+ vj-vl 2209,521 -3412 0 || 2187.387 -3325 O | 2141.255 -3213 ©
av‘fw)-sz‘ 2775.200 -2625 +60|| 2748.421 -2614 +56 | 2692,820 -2428 +69
- Q  -3417 +60 Q  =3356 +56 Q  =3190 +69
2V3+ W -V; | 2184.371 2425 54| 2158.81 ~2387 -51 | 2699.939 2283 66 [(o<)
-3215 0 3129 0 3045 0 [ad)
3v§+v3-v.‘1, 3342.468 -2895 +30|| 3311.453 -2867 +30 | 3245.377 -2688 430 o)
~2255 +33 -2284 +30 -2014 +33 a-d)
VLS | 3473.221 <5057 - 8| 3436.970 -4818 - 7 | 3385.861 4868 - 6
pg+zv3-v§ 4388,910 -6838 O || 4345.195 -6642 O | 4254.396 -6425 O
v 588.767 + 166 O || 585.321L + 174 O | 571.887 + 142 0
Q@  +958 0 Q  +916 0 Q _+904 O
*y en ) B28"10 % u™!; p2p*107%n~1.
Table II
Structure Determination
Constant 14N2160 153141160 1582160
B, (en™Y) 0.419011 0.404856 0.404859
o +20, 400 (em™Y) 0.004211 0. 004057 0.004014
B, (cm™1) 0.421146+,.000015 | 0.406884%,000015 | 0.406866%.000015
1, (1074%en?) | 66.4482%.9020 68. 7773+, 0020 6678042, 0020
ey (B 1.1281£, 0005
o (&) 1.1841%, 0005

these zero-order frequencies.
It was mentioned that ¢

he vibrational constants of 141‘2160 reported
by Tidwell, Plyler, and Benedict (1) are not entirely satisfactory; it is
therefore planned to reevaluate these constants using some more recent
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Table III
Vibrational and Quadratic Potential Constants’

14N2160 15,24,16, 15N2160 14N2160 15,14y, 16 15N216°
wi 1280.83 | 1264.03 | 1262.68 | x,,| -C.65| -0.64 -0.61
w,| 588.59| 585.16 | 57175 | x5 -27.30| -26,68 | -26.06
wd | 2238,79 2216.40 | 2168.79 | x,5 |-14.20| -14.21 | -13.48
@ | 1299.29 | 1282.25 1280.55 | Xpp | *0.73 +0,72 +0.69
@, | 59%.39| 592.79 578.99 | kol ~44.69| -44.13 -43,08
Xq -4.36 4,24 -4.23 21 0.39 0.38 0.38
X, -0.10 -0.10 -0.09 | A, 0.26 0.26 0.25
x| -15.0 -14.80 | -14.06 | 2 0.87 0.85 0.82

2 2

K@) 18.2R Ky 11995 Koy *1.021 K(ffyyo) 0.6653

*Vibrational constants in cm.l-, potential constants in 105 d/cm.

accurate data (2,3) togethér with some of the results of the present measur-
ements. It is believed this will also yield more reliable constants for the
isotopic derivatives; thus an accurate picture of the quadratic, cubic, and
quartic part of the potential function of nitrous oxide should be achieved.

The experimental part of this work was performed during the temure
of a Nationsl Research Council of Canada postdootorate fellowship. The
author is much indebted to Drs.G,Herzberg, H.J.Bernstein, D.A.Ramsay, and
B.P.Stoicheff for making this work possible as well as for valuable advice
and discussions. Drs. W.S.Benedict, D.H.Rank, T.K.UcCubbin, and A.F.Slomba
very kindly communicated their results priar to publication.
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On the anowmalous Splittings of the Multiplet
States in Diatomic idolecules II
‘1. Kovédcs
Department of Atomic Pnysics, Polytecb.nical Universaivy,
sudapest,.iungary
| y It nhas veen suown in two previous papers [1] [2] that

tne "anomalous multiplet splittings" of the X Z tem of

2 3
the g wolecule,the B Z term of the YO molacule, the A Z
and Bisz; terms of the N2 molecule,as well as the ?Z
tera of tne Wnid amolecule can be axceliently interpreted theo-
ratically as tie perturbations of not too far lying 7[ terms,
Tae experimental exaunples mentioned above show that such anoma—
lous splittings may occur quite often a.nd upon their oocurence
the interpretation of the pnenomenon was difficult,ecause

tneory was iaen lacking.Working on bases similar to the previous,

t.ie present paper aims at extending the thedry to the anexnalous
: splittings that Lay be expected in thne case of the as yet mis-
£ sing Z terma,namely "-Z Z. terms; wisaing thus to mett b'
half-way,and render Lelp ts,the experimental research worker.
As is well known, or tne depandefnce ou tae rotational juan-
tux npumber of tue couponeants of multiplet Z terms such relati-
F vely simple formulas arse valid that can be arrived to after
solving toe saparated wave equation and taxing into account
tne .utual perturcations of the components belonging to Hnnd'
.case a) completed with ine perturbation terms of the st-spin
interaction,as well as tns interaction between rotation and :
8pin [3] Deviations fram the formulas thus gained are oalled

Yanomalous splittings.’
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If,;hen using the terms neglected at the ssparation of
the wave equation and tuose of ihe spin-orbit interaction,
the perturbations of the Z:and 7Z- states of the same and
different multiplicity are taken into account,then,if the sta-
tes mentioned are lying far enough,these perturbations will
not change the structure of the Z term formulas mentioned a-
bove,i.e, their dependence on the rotational quantum nu;befs,
but,apart fram a little constant displacement only tae values
of tae constants in the original formulas will be wodified
) (41, [2] .

{ nowever,if the perturbing terms are lying nearer to tae Z

terms at issue so that the cianging of their distance with i:e
iotational gquautum numter canndt be neglected,tnen,veside ths
cnanges in the value of the constaants,such correctional mem
terms will also occur as will bring about cnanges in the struct-
ure of tne formulas; in other words,tne depg&ndance on the rota=.
tional quentum number of the original formulas will also chan-
ge.Those new additional terms will excelliently describve the
anomalous multiplet splittings in each of the cases observed

so far,

A deteailed course of the calculations can va found in ear-
lier works L}] R LaJ ihere only the final results are given
for the missing cases,as well as a little more exact form of
the earlier df_x_'_i-vated formula for the case of the ’7’2 term.,

Denote F&(”) the terms observed as unperturbed for the
experimental research worker / i.e. such terms where the values
of the original constants have changed,but the structure of
the formulas remained the same /; fi“”? tnp actually obe-
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served,that is perturved,terus; then AF W)= /':;'(N) - FL{N)
means the deviations reasured from the origiral formulas,For
ti:is we have thie following:

Lo_cese_of * L terus:

LR (W)= =[3w(vtn) - '?'JN
LF () =-L6t U'b)(-’\’ﬂ)fT(k’ﬁ-S)]N

1)

LF ()= +[sMmes) - T(W-2)](N+4)

AR (V) =+ [BoV+TI (0

ey fulBr) ¢ (6n - 8,) 2)
(ho)* (e ho)®

and S is the constant occurring in the metrix elements of the

spin-oroit interaction,y’ is that of the interaction camning

fron toe terms negzlscted at the separation of the wave egqua-
tion,Be and B”— are the unpsrturbed values of the rotational
ccnstents of tnhe perturbed and perturbing termsl,occurring in

the original wultiplet formulas / that is,not those occurting

ir. the F:_ (N) / and finally Ko is the difference between the
corresponcing: vibmational states of tne pertutbed and pertarbing

terms,

is.c Cééﬂ_gi.._..z terms:
E (M) = - [6 (2N ED(N+4) =25 (28 +) ] N

AR(W) = = [G’(NM)’"—- TN-4)]W (3)
R (M) =

AF,(N) = +[6 N3+ T (N+8) ] (N+1)

A (N) > + [0 QNN £2T Q) J(0e)

Declassified in Part - Sanitized Copy Approved for Release 2011/12/14 : CIA-RDP80T00246A018700010001-3
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d1E =4

where
6= 8 &~ (8y-0;) DT 3 (BZE 8¢) @)
oy ' Ao)*

Lu_case of oL terms:
AE (m) = -5 [avm) -T] pt

OF, (N = =[G (BN-8)(V4a) +T (K +4$)JN

OF;(0) =~ [6 NV (-3)+2 T (20-)(V+4) | 5)
i AR (N> +[op(va(v+3) =27 (20 +8) (¥-3)]

AF (W)= +[T M)V ~T(W-44) ] (N 41)

AF, () +5[o N+T) (N4

where

(Dr-85) , . 2 $1Be0)
5’5%"'3 @o? e

lo case & 7 Z terus:
LF (w)==[36 INe)(NR) ~T(3N+4]N

OF;_( p) = ~[6 (mn)(zmz) -7 (4n-m)]N
OF (M= -[s NNV = '“T(N-S‘)()Ahg)]
AR (W= 0 (7)
4 L} (N) = +16 M(Wn) +17 (b+6)@ M)
AF, (R)=+[GN(2V-2)+T (4 N +45) J(M+)
AE(N)-= +[36 (W)W +T (SV+5)](W+4)

where the value of O and &' is identical with (4) .

. References
1. I.Kovédcs: Act.Pays.Hung, ]fg'in press ) 1962,
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The Molecular Complex of Diphenylketone with Iodine

J.G. Hurguleecu}
V. Sahini ana
"A. Greff .

3
2%
H
[

University of Bucarest, Rumania

in_the course of studying the interaction among the
m-electrons in some derivatives of diphenylmethane, it
ssemed of interest to examine the 'charge transfer" phenomenon -
between diphenylketone (benzophenone, B.P.) and fodine.}?? - F
As we will show in the last part of this work, the possibility - o
from a molecular point of view - of the formation of a "charge- :
trensfer” complex between B.P. and iodine, is evident. The
present work contains the results of a spectrophotometric
study of this complex in carbon tetrachloride.

Ve MyglewTy o

Experimental

Resublimed iodine, B.P. (Veb. Laborchemie Apolda) and
- carbon tetrachloride (Veb. Feinchemie Eisenach) were used.

Sample preparations were made according to the usual
recommendations 1,3 special attention being paid to the
variation of concentration of the solutions with temp.rature.

A VSU-4 C. Zeiss-Jena spectrophotometer (with tested
accuracy for wave-length and photometric-attachment scales),
matche&‘one centimeter stoppered quartz cells, and a
thermostatic attachment for the cells comnected to a
W8beer thermostat, were used. '
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, The measurements were made in a concentration range
$ of 0.4 to 0.8 mole liter ' for B.P. and 0.0008 to 0.0022 mole.
1iter~! for iodine.

Resulte

Although the solutions of B.P. plus iodine in carbon
tetrachloride sbsorb strongly 1in nearly all visible and
ultraviolet ranges, it was possible to detect a "blue shift’
in the spectra of solutions in the region 4600 - L8OO p
(region of the "blue shift” absorption L’) Only iodine

 sbsorbs in this region, in accordance with the Beer law s,
Assuming @ 1:1 complex formation and using the Rose-=Drago 6
treatnent of data for the system:

‘ 12 + B'.,P. == Complex,

the reeiprocal values of the equilibrium constant K at a
given wave-length, were obtained from the _equatiom

AAD ap, GG £
el M Y

where cD(i) = initial B.P. (iodine) concentration, 1n o

mole liter -1 .

60(1) = complex (1odine) molar absorptivity.

A = solution absorbance per unit of optical path.
A° = f (' (the absorbance of the initial concentration
of 1od1n3} |

- The rollowing data were obtained at 23°C and N = usoo | 3
(£ =233) '

B e R . . . e T S N W s L e
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i

Cp Cy - :
Ec 2 : (£C 'Eé) K 1

B -A

600 1.1955 0.9947
650 1..3225 1.1227
700 1.4515 1.2506
750 15795 ‘ 1.3786
800 1.7075 1 .5060

The values of K and £, were found graphically by
plotting K~' as a function of Ec, at various Cy values:

0.05 1liter mole ™!
1 g

25 1liter mole ' cm

K = 0.76
£ = 820

H+

From the values of K at various temperatures, the heat
of complex formation was obtained:

AH = 2.0 + 0.5 keal.mol.™!

Using Ketelaar's method 7 at three wave-lengths, we

obtained: . 3
A (H) K(ec '&i)lv K
14.600 0.40 0.9
4.700 0.52 1.10
4.800 0.46 0.95

in satisfactory agreement with the former value.

Dis on

Assuming a planar configuration of B.P., the m-electrons

Declassified in Part - Sanitized Copy Approved for Release 2011/12/14 : CIA-RDP80T00246A018700010001-3
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form a unified aromatic system, with a greater charge-density
at the oxygen atom than at any of the carbon atoms. Now,
according to a SCF-MO calculation 8 , this charge~density

is greater in B.P. than in other common aromatic ketones
(benzaldehyde, fluorenone, benzyl, etc.). This iomnic
resonance of the carbonyl group:

\p - Np_
/C-D <———>/C0

is fairly well proved by the chemical properties of numerous
compounds, and especially in the case of B.P. as an

intermediate stage in the mechanism of polarographic reduction9’1o
ag well as in the formation, for example, of metal-ketyls

(B.P. is quoted as a typical example“).

It follows from the above considerations that the
tendency of B.P. to form a charge-transfer compléx is
aporeciable., It is probably that an oxygen lone pair of
electrons is responsible for the bond formation. But when
considering the factors contributing to the stability of
the complex, in addition to charge-transfer delocalisation

we shall take account of dispersion forces 12.

The authors wish to thank Dr. L.E. Orgel for reading
the manuscript and for some valuable suggestions.
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KLECTRON AND VIBRATION SPECTRA QF INDANE HYDROCARBONE
M.M.Kussakov and M.V.Shishikina
Institute of Petrochemical Synthesis, Academy of Scilences
of the USSR, lMoscow, USSR
This paper givés the results of a study of the electron
and vibration spectra of indane derivatives containing one,
two and three alkane or cycloalkane substituents synthesised
by E.S.Pokrovskaya and coworkers (I,6).The spectra of indane
homologues with substituents in the naphtene ring are close
and similar to those of indane.The electron spectra of inda-
ne derivatives with substituents in the benzene ring have iden~
tical intensity distributions in the absorption band but are
displaced 5 to I5 X.The absorption spectrum of ethylindane
occupies the most‘longwave position compared to those of iso-
propyl- and 2-ethyihexylindane which possess hihgly branched
substituents.A similar shift is observed in the spectra of
certain isomeric butylbenzenes (2) and alkyl benzenes (3).
The common absorption band shape of monosubstituted indanes
and their common position on the wave-lengh scale with allo-
wance for insignificant displacements due to the structure
of their chains gives grounds to assume that the S5-substitu-
ted indane derivatives are of siﬁilar strusture.Comparison
of these spectra with the known spectra of methylindanes
with methyl groups in the benzene ring suggests that the sub-
stituent groups in the indanes studied is in the F-position,
a5 was assumed on the basis of the conditions of synthesis(ll
The intensity and position of the absorption maxima in the
spectra of diethyl-isopropyl- and diisobutylindanes are close
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to each other, this being an indication that the hydrocarbons
in question are of the same structure type; the 5,6 substi-
tution type is the most probable.The five-membered ring in
the indane molecule radically alters the nature of the elect-
ron absorption spectrum, increasing the absorption intensity
by several times and strengthening the vibration structure.
Possibly the introduction of several sufficiently heavy sub-
stituent groups into the benzene nucleus of indane will deform
the molecule to some extent and the vibration of di- and tri-
substituted indanes will become close in nature to those of
the corresponding tetra- and pentasubstituted benzenes.The
spectra of tri-isopropyl- and tricyclohexylindanes with, sub-
stituents in the benzene ring are still more similar to the
spectrum of penta-substituted benzenes.The position and shape
of the absorption band of indane hydrocarbons depends mainly
on the number of substituent groups and their positions in
the molecule.

A study was also made of the infrared absorption spect-
ra of a number of indane derivatives in the 5-I5 micron range.
The indane spectrum, though quite similar to the spectra of
ortho-substituted benzenes (intemnsive double band in the 750-

1 range belonging to the out-of-plane deformation vib-

750 em™
rations of the =C-H bonds of the benzene ring and a number
of other bands) has also a number of specific absorption ran-
ges.The spectrum of I-isopropylindane also has an intensive
band in the 70Ca750 cm™‘range, indicating that the substitu-
tion type of the benzene ring has undergone no change and the

substituent is therefore in the S5-membered cycle.The spect-

1

|
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rua ol I-cyclopentylindane is also similar to the first two,
but adlitional bands of the monosubstituted cyclopentane ring

I.Both spectra are in good agree-

appear additionally at 890 em™
nent with the spectrum of I-methylindane (4).It is not impos-
sible, however, that vboth I-alkylindanes contain an admixture
of the isomer with the substituent in the 2-position, because
the characteristic band for 2-methylindanes is the intensive
one at 935 cm‘I, and it has a weak maximum in the frequency
range below 700 cm—I.S-methylindane gives a number of bands

in the range of out-of-plane deformation vibration of the

=C-H bond, the wost inlensive of which are characteristic of
I,2,4=substitution of the benzene ring.Comparison of the spect-
ra of 5-substituted indanes with that of S-methylindanes re-
veals that all indane derivatives contain substituents not

only in the 5-position but in the 4-position as well, this
following from the high intensity of the 700 and 7I0 cn™I
bands relative to the 8I0 and 870 cm ' bands.The structure of
the same nydrocarbons determined by their electron spectra
corresponded to 5—substitutions{’%s the percentage of 4-sub-
stituted hydrdécarbons is relatively small, and their absor-
ption in the ultraviolet is less intensive than that of thé
S-substituted hydrocarbons.The absorption spectrum of I-iso-
propyl, S5-tertiarybenzylindane contains, apart from the bands
belonging to the substituents, the characteristic bands of
I,2,4-ﬁrisubstituted benzenes, and is similar in the 7QO-9OO
ca™T range to the spectrum of I,6-dimethylindane which also

possesses I,Z,4—-substitution in the benzene nucleus.From the

conditions of synthesis (6) of dicyclopentylindane it is known
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that both five~membered rings are substituents in the benszene
ring.The only spectrum known in the literature is that of 4,7-
dimethylindane, which has two bands in common with that of di-
methyl dicyclopentylindane (8I0 and 720 cm'I).But the most in-
tensive band at 858 cm’I, as well as the I007 and 1028 en™T
bands, are characteristic of 1,2,4,5~- and I,2,%,5-tetrasubsti-
tuted benzenes.Therefore, the dicyclopentylindane studied con-
tained the 4,7- and 5,6- as well as the 5,7- isomers corres-
i ponding to I,2,3,5-substitution of the benzene ring.Thus, in
the infrared absorption spectra of indane derivatives with one,
two and three saturated OI'CIO substituents characteristic
bands of various types of substituted benzenes are observed in
the region of out-of-plane vibration of the =C-H bond.Taking
advantage of the above indicated characteristic signs in the
5-I5 micron range, as well as of the spectra of methylated in-
janes of known structure, the position of the substituents in
various indane derivatives can be determined.
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D411
OF THE CLASSIFICATION OF POINT GROUPS FOR MOLECULES

M. Eliashevich, Academy of Sciences of the BSSR,
Minsk, USSR

As is well known, the classificetion of molecular energy
states according to symmetry depends on the beldnging of equili-
brium configurations of molecules to definite point groups.

The equilibrium configurations of molecules may in principle
belong to every point group of finite order, and in the special
case 6of linear molecules belemg to point groups of infinite
order Coh &nd Dooh/1/. A gemeral classificetion of molecules
with respect to the symmetry of $heir equilibrium configurs~
tions and the corresponding classification of point groups may
be of interest. In the present commumication such a claseifi-
cation is proposed in anslogy to the olassdfiocation of point
groups for crystals /2/. v

According to lattice mymmetry oxpstale may belong to one of
the 32 finite point groups for whioch the trmmslational gymmetry
of the lattice is posaible /3/. For.qrystals a more general
classification into seven gyngonies of three types is widely
used: three lowest syngonies (triclirdc, monoclinic, and
thosbip), three middle syngonies (srigeme), tetragosal and
hexSigdnal), and one highest ayugotly (cudd) /4/. In the case of
the lowest syngonies no more-the & xxss of gyumetry are
presedt, for middle syngonies therNiipdiie wore-thm~twofold
axis of aymmetry (a distinguiched axis), Wsd for the highest
syngony there are several more-than-twofold axes. The claseifi-
cation of crystals into these three ot.{pga is the seme as their
classification with respect to optieal properties: the crystals
of lovest gymmetry are biaxial, those of ‘middle symmetry are
monoaxial, and those of highest gymmetry are optically isotropic
/5,6/. A similar clagsification of molecules as molecules of

lovest, middle end highest symmetry sesis $0 be.very useful.

For molecules of lovest symmetry with no axes of symmetry
more-than~twofold, only nondegenerats vibretional and electronio
states sre possible. The physical properties differ in the
directions of the three ortogonsl axes; these molecules are

-1 -

Declassified in Part - Sanitized Copy Approved for Release 2011/12/14 : CIA-RDP80T00246A018700010001-3



Decla:?s!fied in Part - Sanitized Copy Approved for Release 201 1/12;1_4 : CIA-RDP80T00246A018700010001-3

.

asymmetric tops (all three moments of inertia are different,
Ix # Iy # Iz) and their polarization tensor is represented by
an ellipsoid with three different semiaxes (all the principal
polarizabilitiesa are different, @ 4 £ ay # a.).

For molecules of middle symmetry with one distinguished
more-then-twofold axis of symmetry (including the linear mole-
cules with en infinityfold axis of symmetry C m) double
degenerate vibrational and electronic states are possible*.
Physical properties are different slong the distinguished
axis and elong perpendicular directions; these molecules are
gymmetric tops (Ix = Iy # Iz , where 2 is the direction of the
distinguished axis) and their polarizability tensor is
represented by a rotation ellipsoid (ay= ay £ *,).

e gt o e

For molecules of highest symmetry with several more-
than-twofold axes, vibrational and electronic states are
possible with a degree of degeneracy t > Z#%, In the case of
cubic symmetry triply degenerate states are possible. Physical
properties elong the ortogonal axes (for cubic symnetry slong
0 three fourfold axes) are identical; these molecules are spherical
“ tops (I, = Iy = I) end the polarizebility tensor is represented

by & sphere ax:ay:az).

e A e e o

According to the general clagsification of molecules end
crystsls with respect to their gymmetry properties just described
it is natural when applying the group theory to molecules end
crystals to classify the point groups as groups of lowest, mid-

dle and highest gymmetry.

T
ol “

Thus we have:

1. In the case of the absence of more-than-threefold axes of

g gy
3 P 2 AP

% Stable double degenerate electronic states for non-
1inear molecules are possible only if the Jahn-Teller theorem
/7/ is not teken into account.

%% Stable degenerate electronic states are again possible
only if the J shn-Teller theorem is not taken into account.

T -

-2 -

i
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symmetry - groups of lowest gymmetry C]_, C1v, C2y C4, Co2v, Do,
Coh,s Doh;

5. In the case of one distinguished more-than-twofold axis of

symmetry - groups of middle symmetry Cn, Cpy, Dp» Cph, Dnh
(integral n >>3) and Sp, Snv (even n ;4).

3, In the case of several more-than-twofold axes of symmetry
or of an infinite number of n-fold axes of symmetry (n arbi trary)
- groups of highest symmetry T, Th, Ty ( tetrahedral groups), O,
On (octehedral groups), I, Ip (icosshedral groups), Rep , Rah
(the infinite group of three-dimensional rotations not including

and including inversion).

The classification of point groups is given in a table /8/.
For finite groups their order is given in parenthesis The
groips are arranged in the table according to the value of n for
axes of symmetry (different lines correspond to different n) and
the complication of the group by the addition of different
symmetry elenents to axes of symmetry. In the table are shown
the most important properties of molecules depending on the dif-
ferent types of point grours to which the equilibrium
configurations belong: the degree of degeneracy of vibrational
and electronic states, the properties of the tensor of inertia
and of the polarizability tensor, the non-zero values of the
dipole moment.

The degree of degeneracy of vibrational and electronic
states depends on the dimension of irreducible representations.

For groups of lowest symmetry all irreducihle representae-
tions are one-dimensional as these groups are Abelien. Hence
only non-degenerate vibrational and electronic states may occur
for molecules of lower symmetry.

For groups of middle symmetry irreducible two-dimensional
representations (for non-Abelian groups Cpy, Dn, Spvs Dnh,
n >3) and pairs of complex conjugated one-dimensional represen-
tations (for Abelisn groups Cn, Sp» Cnh, n=>3) are possible.
Hence doubly degenerate (jointly or separably) vibrationsl and
electronic states may occur for molecules of middle gymmetry.

_5_
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For groups ot nighest gymmetry irreducible representations
of dimension r > 3 are possible: three-dimensionsl for tetra-
hedral and octahedral groups, three-, four- and five-dimensional
for icosshedrsl groups and of all dimensions for the infinite
group of three-dimensional rotations. In the latter case well-
known irreducible representations Dy of the dimension 2J + 1
(3 =0, 1, 2, ...) are obtained /9/. For the most important
case of molecules having cubic symmetry, i.e., for molecules
belonging to tetrahedral and octahedral groups, triply degene-
rete vibrational and electronic states occur.

The properties of the tensor of inertia and of the
polarizability tensor of a molecule that depend on its sym-
metry are special cases of the gemeral properties of a molecule
or of a crystal described by a gymmetrical tensor of the second
order /10/: for groups of lowest gymmetry three different
principal values are obteined (Tx # Ty # T,), for groups of
middle symmetry two different principal values are obtained
(Tx = Ty # Tz), for groups of highest symmetry three identical
principal values are obtained (Tx = Ty = Tz).

A non-zero value of the dipole moment is connected with
the absence in the groups considered of symmetry operations
that change the direction of the dipole moment. It is possible
only for groups Cn and Cny (n =1, 2, 3 ... ©) for a dipole
moment slong the distinguished axis of gymmetry.

QY WA 4 A
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CIASSTFICATION OF POINT GRD '
. : . ] o ) ) Tensor Properti"e'a‘
Type of | ) - g - - -
Groups Axes of Symmetry Point Groups . . - 7| Symmetrical S
‘ : » L " | Tensore of Tensor of . Pollrisability
. . . . : ‘ the Second Inertia Tensor :
” - Order
Groups of! No more- ’ g ! . ) Crystal e : L e
Towest ithan—two- n=l0(1) C1v=Cs(2)]. Il:yaupa T AT AT ) ig £ rf I “x{f«ay #
Symmetzy | fold axes . L (oY ) C: x "y e ymme Lrica LU
;nsz. roilh =2 0o(2)48256 (2] Gov(4)  |Do(4) E.Z.h(”) 2&(8) Gg:l“l - top
n-x3 [Cq(3 c 6 : Crystal "
Groups i()m n-fold ‘ 3(3) BV(é) DB( ) C3h(6) DBh(lZ) gll’?l%ﬁl—
i D=4 (6, (4)18,(4) |G, (8)  D,(8) | S,ymDng(8)Csn(8) | Dy (2é):| CFYE
R A A A 4 42 i e
¥ of jaxls, n =5 [Ce(5) " V.(lo) De(10) o) _&D = Groups v ,
: Middle n >3 2 ul 2 oh n : e T AT LieLAl,
e >3, R , Crystal Symmetrical
728 P6(6)96(0) [06/(12) [p12)]symDs (12 oy (12) | Dy o) | SR T
Symmetry‘r€2 T eree )
. i ‘l; ‘nuno LS seee DY oo LR N seve g
i inw oo {(Cy) Coo [Doo) (Coon) | Deon
1 g - i
; Groups ' Seversl r<3 T(12) T,(24) g:’g:;:l
: of | n-fold | = TTystal
: Highest | axes, | T<3 0(24) | 14(24) o (48) Groups
4 Symmetry | n>3 f —— - i
] rg s 1(60) Ih(120) Tx - Ty - TB Ix = ywIg) &
= Spherical- i
Infinite ~ - Top .}
number of . .
infinity- | ©=2341 fod) (Roon)
fold axes !
- I I
Dipole Moment P - P/O!P-O PAO PwO/PuoO P20 | PuO |

.Groups in squere brackets cannot be realized for molecules (symmetry Roon is the T
symmetry of atoms). -

Grioups including the inversion are underlined. R
r - degree of degenération of vibratlone.l and electronic stetes; J « O, 1, 2, ... CoERT T e
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Spectral Investigation of iolecular Ion
Formation on the Surface of Solids

7 A. Terenin, »
in collaboration with E.Kotov,V.Barachevsky
‘ and V.Holmogorov.

Institute of Physics,The University,Leningrad

‘The spectra of aromalic amines,brought fromn the gas phase
in vacuo i1 contact with disperse oxides (A1203, MgO0) apd
gels ( AlZ 3 Si02, 2O3 SlO CaB(PO4)2) reveal two types

of interaction with the surfuce- 1.,2 proton addition from
acidic sites, 2., an electron donation to specific acceptor
sites (1,2). ‘

The protonic sites produce the known "blue" shift of the
absorption spectrum of the basic molecule ( aniline, B-naph-
thylamine) which disappears on exchange of the protons for
Ti", or Nat cations. The electron acceptor sites (presumably

Y partially unscreened Al,Mg,Ca ions) are revealed by the ap-
pearance in the vigible of the spectra of the positive mole-
cular ilon-radicals ( diphenylamine, dimethyl paraphenylene
diamine,benzidin) (2). Both types of sites are found on the
mixed A1203
action of the same compounds with the SiO2 gel,or the pure

-510,, gel(cracking catalyst),whereas the inter-

A12 3gel does not produce any such spectral effects. The
characteristic double band 520,560 mF of the.positive ion~-
radical of dimethyl paraphenylene diamine is clearly exhi-
bited on natural and synthetic A1203 Siozgels.After the 1o~
nic exchange of the protons in these for Li* cations this
double band still remains.

The visible absorption bands which appear on Al-Si gels
upon adsorption of the aromatic amines mentioned, are accom
panied by a strong ESR signal ( 1O1Sspins/cm3,g= 2.004), con-
firming the presence of univalent molecular ions. No signal
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Fig.1 - Absorption spectra
(diffuse reflexion) of anthra-
cene,adsorbed on:
2- Al 03 SiO (30 :70)gel; 3-the
same after an wt exchange for

1- SiOzgel'

0 B L D R e KB T

- is observed upon adsorption on the 3102 gel.
Electron acceptor sites have also been spectroscopically
observed by Okuda and Tachibana for paraphenylenediamine
‘adsorbed from a cyclohexane solution on a Al 03 8102 gel(3).

We have found that upon contact of the polyacene vapors
(anthracene,tetracene,perylene) in vacuo with the Al 0. -SiO

273

gel surface there appear visible absorption bands shown in
the Figs. 1,2 and 3.

Fig.2 - Top: absorption maxima

from spectrum 2 in Fig.1.
Anthracene,adsorbed on:

1- strongly acidic (-SO3H)
cationite ; 2~ AlCl3 3
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The structured band at 380 mp (26.3.10°cm™ ') belongs to
anthracene molecules feebly interacting with the surface.The
visible bands below 25-107cm ',which appear only on Al,0,=S10,,
but not on the 8102 gel(Fig.1) belong to molecular species,
formed as a result of a more deep interaction.In fact,the
470 mp (21.2-103cm°1) band is in the same range as that at
420~440 mp,known for the carbonium AH+ ion of anthracene(A),
and observed in strong acids (4). In accordence with this
interpretation it disappears,when the surface protons are
replaced by Na™t cations(Fig.1,curve 3).

The 760 mp (13.2-103cm-1) band has about the same
position as that of the At ion (5) and evidently belongs to
anthracene molecules,ionized by the strong electron acceptor
sites existing on the A1203-Sio2 gel s?iface. This band is
accompanied by a strong ESR signal (10 spins/cmz. g8=2.004),
which does not disappear,but decreases to one third when the
protons are exchanged for Nat cations.

The assignment of the 470 and 760 mp absorption maxima
is corroborated by the observation of the first when anthra-
cene is addorbed on a purely protonic organic adsorbent
(Fig.2,curve 1),and of the second one upon contact of anthra-
cene vapor with solid AlCl3 in vacuo (Fig.2,curve 2).

Judging from the observation of the 760 my band and
of of a ESR signal, the 033(P04)2 catalyst does also possess
electron acceptor centers(Fig.2,curve 3).

The origin of the 610 mp (16.4-103cm’1) absorption
maximum (Figs.1 and 2) is uncertain. We ascribe it to a
ot -coordinative bond of anthracene with Al atoms of the
surface.This band is the only one appearing when anthracene
vapor is adsorbed -A1,0, disperse powder,without any ESR
signal.After the Naf exchange in A1203-Sio2 this band remains
(Fig.1,curve 3). Such coordination active sites are also
revealed by the frequency increase of the C=N vibration
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in CH3CN (6),when adsorbed on the A1203-8102 gel, comparable
in magnitude to that observed under the action of electro-
phyllic agents,like SnCl4.AlCI3 (7).

The existence of electron acceptor sites on the A1203-
SiO2 is strikingly confirmed by the spectrum of perylene,
adsorbed from the vapor in vacuo on it (Fig.3). The sharp
absorption maximum at 534 my (18.7-1030m-1) is the same that
has been observed for perylene in concentrared H2804 at 530 my,
and identified as belonging to its positive radical ion (8).

In accordance with this assignment a strong ESR signal

with a hyperfine structure has been observed by us for perylene

on Al203~-SiO2 (Fig.4).The maxima in the absorption spectrum

—

— _i,....\......__ - <:’, - 9. 2. 004

| |

| E

|

[ !

S
! 3 i}
o W W s e

Fig.3 - Absorption spectra of: Fig.4 - ESR signal for
1- perylene on A1203 5102 (25:75) perylene,adsorbed on
gel; 2- tetracene on 5i0, gelj; A1,04-510, (25:75) gel.

3~ tetracene on A12 3 3102(80:20)
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at 650,685,705,730,765,850 mp are also seen in the spectrum
of the perylerne ion in H2u04 (8).

The soveorotion maxima at 680,740,845 mp (Fig. 3,curve3)
which app-ar when tetracene vapor is adsorbed on A1203 8102,
but not on 3’(? (Fig.3,curve 2) can also be assigned to the
corresnoealing wolecular ion.

The aprcifi~ dependence on the nature of the solid and
on ite thermal treatment under high vacuun conditions,witnout
any contaniaaiion by a solvent,disproves the participation
of oxyzen tras-3 in this phenomenon. This doubt has been
expressed recently by Fogo,who observed a col.ration and
ISR signals for perylene and anthracene,alsorbed from eva-
cuated benzene solitions on A1203'Si02 9).

It hac been reported by Roberts,Barter and Stone (10)
that anthracene,adsorbed from decahydronaphtalene on A1203-
Sicg.gives rise to intense visible bands at 420 and 750 mp,
cimilar to those observed by us. Besides‘they observed also
feeble bands at 585 and 640 mp,instead of the single one at
610 mp in our case.All these maxima have been ascribed by
the authors to the carbonium ion AHT. According to our results
this assigument is valid for the 420 mp band only.

Instea! of pocgtive molecular ions,V.Lodin in our labo-
ratory obgcerved negative ion radicals when quinones were
adsorbed from the vapor phase in vacuo on ZnC and other

metal oxides.
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